INTRODUCTION {#j_jtim-2019-0025_s_001}
============

Status epilepticus is a condition resulting either from the failure of the mechanisms responsible for seizure termination or from the initiation of mechanisms, which lead to abnormally prolonged seizures (after time point t1). The time t1 is 5 minutes for generalized tonic-clonic seizure, 10 minutes for focal seizure.^\[[@j_jtim-2019-0025_ref_001]\]^ This state identifies a state of neuronal excitation characterized by an excess production of glutamate that activates the N-methyl-D-Aspartate (NMDA) receptor and promotes entry of calcium. Excess glutamate leads to the sensitization and internalization of gamma aminobutyric acid receptor A (GABA~A~), increases the expression of proconvulsive neuropeptide and maintains the living circle of self-sustained epilepsies.^\[[@j_jtim-2019-0025_ref_002]\]^ Progress in magnetic resonance imaging (MRI) offers new opportunities to identify early neuronal lesions and identify areas of epileptic seizures.

POST ICTAL CHANGES IN MRI {#j_jtim-2019-0025_s_002}
=========================

A large range of ictal and early postictal changes have been described on MRI. These changes can be confined to the area of epileptic activity or remote from this region ([Table 1](#j_jtim-2019-0025_tab_001){ref-type="table"}). Knowledge of these anomalies may be important to not be confused with other focal pathology such as brain tumor, stroke or encephalitis. Local MRI findings include restricted diffusion in diffusion weighted images (DWIs), hyperintensity T2 better seen in fluid-attenuated inversion recovery (FLAIR) images, swelling of the focal structure, cerebral hyperperfusion in magnetic resonance perfusion, and increased vascularity in MR angiography.^\[[@j_jtim-2019-0025_ref_002]\]^ These techniques make it possible to highlight focal lesions and remote lesions responsible for these epileptic seizures. These MRI images are often reversible but can also become permanent and irreversible in severe and prolonged epilepsy ([Figure 1](#j_jtim-2019-0025_fig_001){ref-type="fig"}).^\[[@j_jtim-2019-0025_ref_002]\]^ The physiopathologic basis of remote periictal findings is not well understood and several hypotheses remain. Ipsilateral diencephalic and contralateral lateral cerebellar lesions appear after an abnormality in these structures triggered by epileptic activity. Transient splenium lesions may also reflect abnormal activity of the white substance during epileptic activity. The mechanism by which the signal T2 increases and the diffusion decreases is not yet known.^\[[@j_jtim-2019-0025_ref_003]\]^ Huang et al. studied 15 patients with status epilepticus by comparing imaging lesions with electroencephalogram (EEG) lesions. In their series, the topography of periodic discharge is comparable to MRI images.^\[[@j_jtim-2019-0025_ref_002]\]^ These MRI abnormalities consist of decreased diffusion in DWI, decreased apparent diffusion coefficient (ADC), and increased signal in T2 usually accompanied by focal cerebral edema and increased vascularization. The cytotoxic edema in T2 signal can be seen in different kinds of central nervous injury: including ischemia, trauma, metabolic insult and status epilepticus.^\[[@j_jtim-2019-0025_ref_004]\]^ These lesions are usually reversible but can lead to permanent lesions such as cerebral atrophy, laminar necrosis or medial temporal sclerosis.^\[[@j_jtim-2019-0025_ref_001]\]^ DWI combined with ADC is a very sensitive tool for detecting seizures-related focal. The diffusion is diminished because of the cytotoxic edema, potentialized by the sodium and calcium channels leading to an influx of water and ions.^\[[@j_jtim-2019-0025_ref_005]\]^ It has been experimentally shown in rats that a decrease in extracellular space associated with an increase in extracellular tortuosity is correlated with a decrease in ADC.^\[[@j_jtim-2019-0025_ref_006],[@j_jtim-2019-0025_ref_007]\]^ These lesions are more frequently reversible in epilepsy than other etiologies such as migraine or thrombolysis due to stroke.^\[[@j_jtim-2019-0025_ref_008]\]^ If a status epilepticus is present, we have a depletion of ATP, energy reserve, pump function and augmentation of permeability resulting in increase of extracellular potassium and accumulation of intracellular calcium together with cellular swelling. The intracellular calcium activate Ca^2+^ dependent enzyme such as protease or phospholipidase, which can lead to cellular damage. The change of ADC reflects this cellular damage.^\[[@j_jtim-2019-0025_ref_009]\]^

###### 

Classification of periictal imaging abnormalities

  **Local**                       **Remote**
  ------------------------------- ------------------------------------
  Mass effect                     Posterior leukoencephalopathy
  Hippocampal swelling            Uni/bilateral diencephalic lesions
  Focal cortical lesion           Splenium abnormalities
  Migratory lesion                Cerebellar diaschisis
  Blood brain barrier breakdown   
  Increased vessel caliber flow   

![Two examples of epilepsy focus. Restriction of diffusion at the fronto-parietal and right occipital cortical level with anomaly of signal in the form of cortico-subcortical hypersignals on a FLAIR sequence.](jtim-07-123-g001){#j_jtim-2019-0025_fig_001}

###### 

Physiopathological mechanism of cerebral ischemia versus epilepsy

  **Cerebral ischemia**                  **Epilepsy**
  -------------------------------------- ---------------------------------------------------------------------------
  ↓ cerebral blood flow                  ↑ cerebral blood flow
  ↓ metabolism glucose                   ↑ metabolism glucose
  ↓ pump activity                        ↑oxygen metabolism
  ↑ permeability and cellular swelling   If blood flow insufficient, anaerobic metabolisms and lactate production.
  Cell necrosis                          

DIFFERENTIAL WITH ACUTE CEREBRAL ISCHEMIA {#j_jtim-2019-0025_s_003}
=========================================

Local MRI findings can be very similar to those seen in early stroke. Lesions may appear hyperintense on T2 and FLAIR with increased DWI and decreased ADC values. However, the physiopathological mechanisms are completely different. The locations involved in periictal changes include cerebral cortex, sometimes associated with hippocampal and pulvinar lesions,^\[[@j_jtim-2019-0025_ref_010]\]^ with no arterial distribution. Besides the absence of a typical vascular territory, the perfusion parameters are another important imaging clue for the diagnosis of epilepsy. Perfusion-weighted MRI may reveal hyperperfusion in the epileptogenic area during the acute phase, which is uncharacteristic of stroke.^\[[@j_jtim-2019-0025_ref_011]\]^ Time-of-flight MR angiography (TOF-MRI) may demonstrate prominent arteries facing the area on the seizure focus. Gyral enhancement occurs earlier than expected for an acute ischemic stroke.^\[[@j_jtim-2019-0025_ref_012]\]^

CONCLUSION {#j_jtim-2019-0025_s_004}
==========

EEG is the formal prove of a synchrone abnormal electric activity of a group of neurons. However, seizures and status epilepticus are sometimes diagnosed just on the basis of the clinic because EEG is not available. In these cases, MRI can help the clinicians to put a diagnosis of status epilepticus when there is strong suspicion based on medical examination.
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